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Date: September 7, 2005 



Declaration 



I, Michihiko Matsuba, President of Fukuyama Sangyo Honyaku Center, Ltd., of 16- 
3, 2-chome, NogamHcho, Fukuyama, Japan, do solemnly and sincerely declare that 
I understand well both the Japanese and English languages and that the attached 
document in English is a full and faithful translation of the copy of Japanese 
Unexamined Patent No. Sho-60-161368 laid open on August 23, 1985. 




Michihiko Matsuba 



Fukuyama Sangyo Honyaku Center, Ltd. 




METHOD FOR PRODUCING HIGH-STRENGTH CALCIUM PHOSPHATE SINTERED 
COMPACT 

Japanese Unexamined Patent No. Sho-60-161368 

Laid-open on: August 23, 1985 

Application No. Sho-59-18043 

Filed on: February 2, 1984 

Inventor: Kazuo KONDO, et al. 

Applicant: NGK Spark Plug Co., Ltd. 

SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR PRODUCING HIGH-STRENGTH CALCIUM PHOSPHATE SINTERED 
COMPACT 

2. WHAT IS CLAIMED IS: 

A method for producing a high-strength calcium phosphate 
sintered compact in which a powder mainly composed of calcium 
phosphate with a calcium/ phosphorus atomic ratio of 1 . 4 through 
1.75 is added with an alkali metal, zinc, and/or alkaline earth 
metal oxide - phosphate frit by 0.5 through 15% by weight and 
the powder is sintered, wherein the specific surface area of 
the powder is 2 . 0 through 8 . 0 m 2 /g, and the ratio of the specific 
surface area of the frit and the specific surface area of the 
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powder is 1/1 through 3/1. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method for producing a 
high-strength calcium phosphate sintered compact by normal 
sintering . 

Calcium phosphate has affinity with a living body and it 
has been proposed that a sintered compact thereof is used as 
a living body material that can be used in place of a bone or 
tooth. In addition, by using its high compactness, calcium 
phosphate is useful as an IC package substrate and a ceramic 
material with high expansibility as well. 

Conventionally, as a method for producing this calcium 
phosphate sintered compact, a normal sintering method in that 
sintering is performed at normal pressures after pressing, and 
a hot press method, etc., are used. When a calcium phosphate 
powder is singly sintered (normally sintered) at normal 
pressures, its compactness is low as a compression strength 
of approximately 900 kg/cm 3 (Ceramics 10 [7] 1975, pp. 474), 
spalling easily occurs in the cooling process after sintering, 
that is, the compact is low in spalling resistance. 

On the other hand, in the hot press method, the strength 
becomes much higher as a compression strength of 1000 through 
2000 kg/cm 2 (Reports of the Institute for Medical & Dental 



-2- 




Engineering, Vol. 7, pp. 113 through 118 (1973)), however, its 
producing method is complicated, and the costs for the 
facilities are high, and mass production is difficult. 

To eliminate the defects of the conventional techniques, 
the present applicant disclosed, in Japanese Unexamined Patent 
Publication No . 55-140756, a method for sintering by containing 
an alkali metal, zinc, and/or an alkaline earth metal oxide 
- phosphate-based frit by 0.5 through 15% by weight in the 
calcium phosphate sintered compact after being sintered of the 
powder mainly composed of calcium phosphate with a 
calcium/phosphorus atomic ratio of 1.4 through 1.75. The 
inventors earnestly studied, and as a result, they found that, 
among the methods disclosed in the above-described 
publications, desirably, the method in which a powder with a 
specific surface area of 2.0 through 8.0 m 2 /g was used as a 
powder mainly composed of calcium phosphate, and a frit that 
has a specific surface area being larger than that of the powder 
and three times or more the specific surface area of the powder 
area was preferable. 

The present invention was made in view of the above-described 
circumstances, and the gist thereof is as described in the claim. 
Hereinafter, reasons for limitation on the specific surface 
area of the raw material used in the invention are described 
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below. 

Unless the specific surface area of a powder mainly composed 
of calcium phosphate is less than 20 m 2 /g, a sintered compact 
that is compact and highly strong cannot be obtained, and if 
80 m 2 /g is exceeded, the powder becomes ultrafine and its 
handling becomes difficult, so that the range is limited to 
2.0 through 8.0 m 2 /g. 

If the specific surface area of the frit is smaller than 
that of the powder mainly composed of calcium phosphate, the 
frit does not evenly disperse and the strength of the sintered 
compact lowers, and on the other hand, if the specific surface 
area exceeds three times of the specific surface area of the 
powder, the powder becomes ultrafine and aggregates, a hydrated 
layer is formed, the air holes inside the sintered compact 
increase and the strength lowers to the contrary. Therefore, 
the above-described limitation is set. 

An example is shown below. 

Example 

H 3 P0 4 , BaC0 3 , CaC0 3 , and A1 2 0 3 were measured and mixed so as 
to obtain the compositions shown in Table 1, and the mixtures 
were put into an alumina crucible and melted at the temperatures 
shown in Table 1 in the atmosphere, and the melts were poured 
on a carbon plate and left and cooled, whereby frit A and frit 
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B were obtained. Characteristic values of the frit A and frit 
B are also shown in Table 1. 
Table 1 



Frit type 


Composition (% by mole) 


p 2 o 3 


BaO 


CaO 


A1 2 0 3 


A 


46 


32 


20 


2 


B 


47 


3 


49 


1 



The frits were crushed at alternate times in an alumina ball 
mill and three types with specific surface areas of 0.6, 2.5, 
and 4.5 m 2 /g of the respective frits A and B were prepared. 



The above-described frits with different specific surface 
areas, apatite hydroxide with a specific surface area of 2.4 
m 2 /g, calcium triphosphate with a specific surface area of 2.4 
m 2 /g, and a mixture of these (a mixing ratio : 1/1) were wet-mixed 
at proportions shown in Table 2, and as a binder, three parts 
by weight of camphor were melted in ether and added to 100 parts 
by weight of an all-inorganic powder, and after drying, the 
mixtures were formed at a pressure of 800 kg/cm 2 into a size 
of 12mm in width x 40mm in length x 4mm in thickness, and then 
sintered under conditions in that the temperature rising rate 
was 300°C/hr and respective holding times at the temperature 
stages from 1000 through 1500°C were one hour, whereby sintered 
compacts were produced. Among the sintered compacts sintered 
at the respective temperatures, deflecting strengths were 
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measured and the highest strength is shown as an optimal example 
in Table 2. 
Table 2 



Sintered 
compact 
No. 


Powder 


Frit 


Deflecting 
strength 
{ kg/ cm 2 ) 


Remarks 


Type 


Content 
(weight % ) 


Type 


Speci f ic 
surface 
area (m : /g) 


Content 
(weight % ) 


1 


Apatite 
hydroxide 


100 






0 


300 


Out of claims 


2 


Apatite 
hydroxide 


95 


A 


0.6 


5 


1450 


Out of claims 


3 


Apatite 
hydroxide 


95 


A 


2.5 


5 


2080 


Within claims 


4 


Apatite 
hydroxide 


95 


A 


4.5 


5 


2340 


Within claims 


5 


Apatite 
hydroxide 


95 


B 


,0. 6 


5 


1200 


Out of claims 


6 


Apatite 
hydroxide 


95 


B 


2.5 


5 


1810 


Within claims 


7 


Apatite 
hydroxide 


95 


B 


4 . 5 


5 


2000 


Within claims 


8 


Calcium 
triphosphate 


95 


A 


2.5 


5 


1750 


Within claims 


9 


Mixture 


95 


A 


2.5 


5 


1670 


Within claims 



Note) The sintered compact No. 1 was especially weak in 



spall ing resistance . 
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